Nanopipette-Based Electroplated Nanoelectrodes.
Here, we report a nanopipette-based electrochemical approach to prepare metal nanoelectrodes with excellent control over electrode size, shape, and thickness of the insulation wall. Nanoelectrodes are prepared by electrochemical plating in a laser-pulled quartz nanopipette tip immersed in a liquid gallium/indium alloy electrode, which not only protects the ultrasmall quartz tip but also starts electrodeposition from the tip orifice. This versatile approach enables reproducible fabrication of electrodes of several different metals, including gold, platinum, silver, and copper. Moreover, nanoelectrodes with varying sizes can be easily prepared by focused ion-beam milling. A unique aspect of this method is the control over the thickness of quartz insulation walls relative to the size of the electroactive surface enabling control of the RG (defined as the radius of the insulating sheath over the radius of the active metal electrode). As such, these nanoelectrodes may be especially attractive as useful nanoprobes in high-resolution imaging applications, such as scanning electrochemical microscopy.